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panophthalmitis with cataracts and focal retinal detachment, mucopurulent bronchitis and fibrinous pneumonia, and lymphoid depletion in mesenteric lymph node and Peyer's patches. The umbilical cord contained numerous bacterial colonies in the lumen of vessels and foci of necrosis in vessel walls and surrounding tissue. These foci contained necrotic inflammatory cells and bacterial colonies.
Antemortem laboratory results included immunoglobulin level < 500 mg/dl (1,000-1,500 mg/dl normal), rotavirus by enzyme-linked immunosorbent assay on feces, heavy growth of a smooth/mucoid colony type of Escherichia coli (aerobic culture) and moderate growth of Clostridiuum perfringens (anaerobic cultures) from feces, and a-hemolytic Streptococcus sp. and Erysipelotbrix rhusiopathiae, both in large numbers, from blood. Postmortem cultures of liver, spleen, lung, kidney, and synovial fluid yielded Erysipelothrix rhusiopathiae in large numbers and pure culture. a-hemolytic Streptococcus sp. was isolated in large numbers and pure culture from brain, and E. coli and Clostridium sp. were isolated from small intestine and umbilicus.
Final diagnoses included failure of passive transfer, septicemia and polyserositis (Erysipelothrix), encephalitis ventriculitis (Streptococcus), omphalophlebitis, panophthalmitis, and rotavirus infection.
Erysipelothrix rhusiopathiae is most commonly associated with disease in swine, turkeys, and sheep and infrequently in dogs, horses, and humans. The organism rarely causes disease in cattle; however, it has been isolated from tonsils of healthy adult cattle and also from endocardial lesions. 1 Because E. rhusiopathiae can survive for several months in feces-contaminated soil, a source of infection is difficult to identify. The few reports of bovine disease caused by E. rhusiopathiae, all in young calves, include septicemia with hepatic and pulmonary abscesses, 4 encephalomeningitis, 5 and arthritis. 2, 3 A contributing factor in our case was the failure of passive transfer of an adequate quantity of colostrum. The concurrent infections with rotavirus and Streptococci could also have affected the ultimate demise of the calf. The polyserositis is consistent with previous reports in older calves. The encephalitis in our calf could also have been attributed to infection by E. rhusiopathiae if we had not isolated a-hemolytic Streptococcus sp. in pure culture from the brain. Antemortem culture of the E. rhusiopathiae and Streptococcus sp. from blood helped to confirm the role of these 2 pathogens when they were isolated from lesions and tissues obtained at necropsy.
Enteric infection of a goat with enterohemorrhagic
Escherichia coli (0103:H2) Cases of natural and experimental enteric colibacillosis 3-weeks duration and was comatose at the time of submishave been reported infrequently in small ruminants. 9, 30 The sion. The goat was purchased from a sale barn and was housed few cases reported have been associated with enterotoxigenic in a room with 5 other goats for the duration of the trial. strains of Escherichia coli. The purpose of this report is to Each animal had received 225 mg of fenbendazole orally for describe a naturally occurring case of enteric colibacillosis in 3 consecutive days at the beginning of the study. a goat due to an enterohemorrhagic Shiga-like toxin (SLT)
The necropsy was performed immediately after death, and I-producing E. coli, serotype O103:H2. specimens of brain, thymus, heart, lungs, liver, abomasum, A young male goat (approximately 2 months of age) that small and large intestine, mesenteric lymph node, spleen, was on a drug toxicity trial for 34 days was submitted for kidney, adrenal gland, and skeletal muscle were fixed in 10% necropsy. The goat had a history of severe diarrhea of neutral buffered formalin. Fixed tissue blocks were embedded in paraffin, sectioned at 5 pm, and stained with hema-From the Veterinary Diagnostic Center, University of Nebraska-toxylin and eosin (HE) for histopathologic examination. Sec-Lincoln, Lincoln, NE 68583-0907 (Duhamel, Moxley, Erickson), tions of kidney and intestine were also stained with Gomori and the Veterinary Medical Diagnostic Laboratory, University of modified iron stain and Brown-Hopps modified tissue Gram Missouri-Columbia, Columbia, MO 65211. stain 31 respectively. Received for publication August 26, 1991. Selected l-mm blocks of formalin-fixed cecum and colon were washed in distilled water, postfixed in 0.1 M Sorenson's phosphate-buffered glutaraldehyde followed by osmium tetroxide, embedded in araldite, sectioned at 1 µm, and stained with toluidine blue. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope. a Flotation examination for parasite ova and oocysts was done on a pooled sample of intestinal contents from the small and large intestines. 33 Impression smears of the small and large intestinal mucosae were stained with Gram stain and examined. The brain, liver, and spleen were inoculated onto 5% sheep blood agar b and MacConkey agar. c Brain tissue was also inoculated onto CNA agar, c and a mesenteric lymph node was inoculated onto MacConkey agar. The small and large intestinal mucosae were cultured aerobically on tergitol-7 agar c and anaerobically on blood agar. Additionally, small pieces of intestinal mucosa were placed in 50 ml of tetrathionate containing iodine and incubated for 18 hours at 37 C. After incubation, small aliquots of this enriched media were inoculated onto MacConkey agar and brilliant green agar c for Salmonella isolation. These cultures were then incubated at 37 C in an atmosphere containing 5% CO, and examined at 24 and 48 hours. Bacterial colonies considered significant were further examined by Gram's stain, and their biochemical profiles were determined using standard biochemical procedures and a commercial identification systern. d
Serotyping of E. coli isolates was done at the National Veterinary Services Laboratory, Ames, Iowa, using standard procedures. 9 The E. coli isolates were screened for fimbriae commonly associated with livestock species, F4 (K88), 20 F5 (K99), 6 F6 (987P), 22 and F41, 1 using colony blot hybridization to DNA probes, 19 and nucleic acid probes were used to test for the presence of heat labile (LT), 5 heat stable A (STA), 32 and heat stable B (STB) 17 enterotoxins. Vero cell toxicity of E. coli broth culture supernatants was determined by a modification of a method described previously. 16 Escherichia coli 05:NM of bovine origin 23 and E. coli 0157:H7 of human origin were used as high-level verotoxin-positive control strains in the assay. Production of SLT by the E. coli isolate was further examined using a microcytotoxicity assay for HeLa cells, and the results of the assay were expressed as CD 50 (cytotoxic dose required to kill 50% of the cells). 8, 11, 25, 26 The nature of the cytotoxicity was confirmed by neutralization of the cytotoxicity for HeLa cells using mouse monoclonal antibodies specific for SLT-I and -11. Colony blot hybridization was also used to examine the isolate for homology with the SLT-I and SLT-II gene probes. 24 Tests for adherence to HEp-2 cells and the assay identifying actin filament alignment in HEp-2 cells were done using previously described methods. 4, 5 The gentamicin resistance assay in HEp-2 cells was used to evaluate the invasive potential of the E. coli isolate. 27 Severe serous atrophy of body fat and dehydration were the only significant macroscopic findings. The rumen contained large amounts of grain and little roughage, and the abomasum, small intestine, and large intestine contained small amounts of yellowish creamy material. Histologically, sections of small intestine revealed severe diffuse lymphoid depletion of Peyer's patches and occasional coccidia in various stages of development within the cytoplasm of crypt epithelial cells. In sections of small intestine, multifocal necrosis was accompanied by marked hyperplasia of the crypt epithelium with diffuse villus fusion and multifocal villus atrophy. Multifocal coalescing necrosis of the superficial mucosa associated with suppurative inflammation in the lamina propria was present in the large intestine. Large numbers of short gram-negative bacilli were adhered to the superficial epithelium of the cecum and colon (Fig. 1) . Colonized epithelial cells occurred as clusters forming either crater-like depressions within the superficial mucosa or pedunculated clusters protruding above the mucosal surface. Many colonic crypts were dilated and lined by attenuated epithelium and contained small aggregates of necrotic cellular debris. Occasional coccidia were seen in the cytoplasm of colonic crypt epithelial cells.
Less significant histological changes included diffuse thymic atrophy and multifocal coalescing hemorrhages at the junction between the adrenal zona glomerulosa and zona fascicularis. Marked intracytoplasmic accumulation of golden brown pigment that stained positive for iron was present in the renal tubular epithelium.
Ultrastructural examination of colonic mucosa revealed large numbers of bacteria closely adherent to the apical cell membranes of superficial enterocytes (Fig. 2) . Loss of microvilli with formation of cups and pedestals at the sites of bacterial attachment was consistent with an attachingeffacing mechanism of colonization ( Fig. 3) .
Low numbers of Eimeria sp. oocysts were found in the intestinal contents by flotation examination. Direct Gram stains of smears of small and large intestinal mucosae revealed large numbers of mixed bacterial flora. Cultures of brain, liver, spleen, and small intestine yielded bacterial growth of mixed colony types. No bacterial growth was obtained from the mesenteric lymph node. Large numbers of 2 colony types of E. coli and 1 colony type of Clostridium perfringens were isolated from the large intestine. One of the E. coli isolates fermented lactose; the other did not. Both E. coli isolates fermented Sorbitol but failed to hydrolyze urea.
Serotypic analysis determined the lactose-fermenting E. coli isolate to be O103:H2; the non-lactose-fermenting isolate was serotype AD03:NM. The 0103:H2 isolate was negative for the presence of K88, K99, 987P, and F41 fimbriae and failed to hybridize to LT, STA, and STB enterotoxin gene probes. Verotoxin production by the O103:H2 isolate was comparable to the high-level (≥ 1:640) verotoxin-producing control strains; the non-lactose-fermenting strain did not produce detectable levels of SLT. Using the microcytotoxicity assay, the O103:H2 isolate was classified as a category 4 (high-level) SLT producer, having a titer of 10 4 CD 50 /ml of broth culture supernatant and 10 6 CD 50 /mg of bacterial extract. The cytotoxicity of the bacterial extract was completely neutralized by antiserum directed against SLT-I but was not neutralized by antiserum directed against SLT-II, indicating that the O103:H2 E. coli isolate was producing SLT-I. The O103:H2 isolate also hybridized with a probe specific for SLT-I gene but failed to adhere to cultured HEp-2 cells and was negative in the fluorescent actin staining assay. In the HEp-2 cell assay, however, the isolate was highly invasive; the average recovery of gentamicin-protected bacteria was 1.8% of the inoculum, 0.4% higher than the EAF + EPECpositive control culture, 2430-78. 2 Strains of E. coli that are pathogenic for the intestinal tract of humans and animals have been classified using various criteria, including the capacity to cause diarrhea, presence of specific serotypic markers, ability to produce toxins, presence of plasmid-mediated virulence factors, and interaction with the mucosal epithelium of the intestine. Escherichia coli strains that closely adhere to and efface the intestinal epithelial microvilli have been termed attaching-effacing E. coli (AEEC). 21 In contrast to classical enterotoxigenic E. coli, which are not attaching-effacing, AEEC have other features that place them into groups classified as enteropathogenic E. coli (EPEC) or enterohemorrhagic E. coli (EHEC). 18 Enteropathogenic E. coli include a number of classical serotypes of E. coli associated with infantile diarrhea, whereas EHEC have been associated with nonhemorrhagic and hemorrhagic colitis in humans and cattle. 13 Enteropathogenic E. coli and EHEC can be differentiated based on the presence of certain virulence plasmids, production of SLT, the area of the intestine they colonize, and the degree of intestinal inflammation induced.
The diarrhea in this goat was attributed to a combination of AEEC infection and coccidiosis. Coccidiosis is a welldescribed disease, and enteric colibacillosis in goats generally affects neonates and is presumably caused by enterotoxigenic E. coli. 3, 10 The E. coli isolate from the goat described herein fits into the EHEC group, in that it produced high levels of SLT-I and preferentially colonized the large intestine, whereas EPEC strains diffusely colonize the small and large intestines and usually produce low to moderate amounts of SLT. The EHEC classification of this isolate is further supported by its inability to significantly attach to HEp-2 cells and the negative results for accumulated actin in cultured cells, both of which are features typical of EPEC but not EHEC.
Enterohemorrhagic E. coli strains can cause diarrhea1 disease. The large intestine should be examined, and any E. coli isolates from this organ that may have diagnostic significance should be characterized. Escherichia coli can also cause enteric disease in animals older than neonates, and EHEC strains can infect small ruminants in a manner similar to that described for large ruminants. 13, 23 Non-SLT-producing AEEC have been seen in the intestines of lambs, 12 and SLT-I-producing E. coli have been isolated from the feces of goats; 28, 29 SLT-I producing E. coli o103 strains have previously been isolated from human beings and cattle. 7 Cattle are a known reservoir host of EHEC strains that cause hemorrhagic colitis in humans. 14 Transmission of EHEC to humans has resulted from the consumption of undercooked hamburger and unpasteurized milk; thus, goats may have a Zoonotic potential and may serve as a source of EHEC for transmission to humans via contaminated meat and milk.
